We have analyzed HST/NICMOS2 F110W, F160W, F165M, and F207M band images covering the central 1 ′ ×1 ′ region of the cluster associated with Mon R2 in order to constrain the Initial Mass Function (IMF) down to 20 M jup . The flux ratio between the F165M and F160W bands was used to measure the strength of the water band absorption feature and select a sample of 12 out of the total sample of 181 objects that have effective temperatures between 2700 K and 3300 K. These objects are placed in the HR diagram together with sources observed by Carpenter et al. (1997) to estimate an age of ∼1 Myr for the low mass cluster population. By constructing extinction limited samples, we are able to constrain the IMF and the fraction of stars with a circumstellar disk in a sample that is 90% complete for both high and low mass objects. For stars with estimated masses between 0.1 M ⊙ and 1.0 M ⊙ for a 1 Myr population with A V ≤ 19 mag, we find that 27 ± 9% have a near-infrared excess indicative of a circumstellar disk. The derived fraction is similar to, or slightly lower than, the fraction found in other star forming regions of comparable age. We constrain the number of stars in the mass interval 0.08-1.0 M ⊙ to the number of objects in the mass interval 0.02-0.08 M ⊙ by forming the ratio, R * * =N(0.08-1 M ⊙ )/N(0.02-0.08 M ⊙ ) for objects in an extinction limited sample complete for A V ≤ 7 mag. The ratio is found to be R * * = 2.2 ± 1.3 assuming an age of 1 Myr, consistent with the similar ratio predicted by the system IMF proposed by Chabrier (2003) . The ratio is similar to the ratios observed towards the Orion Nebula Cluster and IC 348 as well as the ratio derived in the 28 square degree survey of Taurus by Guieu et al. (2006) . 
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Introduction
The shape of the IMF and whether or not it is universal have been central questions in astrophysics for more than 50 years. The shape of the stellar part of the IMF has been examined observationally in some detail. Above 0.5 M ⊙ , the IMF derived for field stars is well characterized by a Salpeter power law, dN/dM ∝ M −α 1 , α 1 = 2.35 (Kroupa 2002) . At this characteristic mass, the slope of the power law changes to α 2 = 1.35 and for masses below 0.1 M ⊙ the IMF flattens further (Kroupa 2002; Chabrier 2003) , although the slope is very uncertain (Allen et al. 2005) . To search for variations in the IMF as a function of environment, one has to look at individual star-forming episodes, such as star clusters or associations. Young clusters in particular are useful for these studies because the more massive stars are still present in the cluster and the clusters have not experienced significant dynamical mass segregation. Recently, the IMF studies have been extended deep into the brown dwarf regime in several star forming regions, most notably the Orion Nebula Cluster (ONC, e.g. Muench et al. 2002; Slesnick et al. 2004) , IC 348 (e.g. Najita et al. 2000; Luhman et al. 2003) , and Taurus (e.g. Briceño et al. 2002; Luhman 2004; Guieu et al. 2006 ).
In order to search for variations in the sub-stellar IMF as a function of environment, a larger ensemble of young clusters is needed. Here, we present a study of the IMF in the Mon R2 cluster. The embedded cluster associated with Mon R2 was originally discovered by Beckwith et al. (1976) and is located at a distance of 830±50 pc (Herbst & Racine 1976) . The most massive star in the cluster is ∼ 10 M ⊙ (Carpenter et al. 1997; Massi et al. 1985) . Carpenter et al. (1997) estimated Mon R2 to contain at least 475 stars within a 3.6×3.6 pc region, significantly less than the ∼ 3500 stars found within a 2.5 pc radius of the ONC (Hillenbrand & Hartmann 1998) . IC 348 contains ∼ 400 members including brown dwarfs (Luhman et al. 2003) . Thus, Mon R2 has a richness intermediate between the two well studied clusters. The molecular cloud has been shown by Choi et al. (2000) to have a central density of n c ∼ 10 7 cm −3 , much higher than typical densities in the Taurus molecular cloud cores (n c ∼ 10 5 cm −3 , see e.g. Onishi et al. (2002) ). If the density of the molecular cores have an impact on the IMF as suggested by e.g. Bate & Bonnell (2005) and , we would expect the IMF in Mon R2 to have relatively more brown dwarfs than Taurus.
Previously, Carpenter et al. (1997) imaged Mon R2 down to the brown dwarf limit and obtained spectra for a subset of the stars. They established the age of the cluster to be ≤ 3 Myr, and that the majority of the low mass stars clustered around the 1 Myr isochrone. Adopting an age of 1 Myr for the stellar population, they found the ratio of high mass to low mass stars N(1-10 M ⊙ )/N(0.1-1 M ⊙ )= 0.1, which is consistent with other nearby star forming regions (Meyer et al. 2000) and with a Miller & Scalo (1979) field star IMF. Despite the fact that Mon R2 is relatively nearby, the brown dwarf content has not been investigated in a systematic manner. Here, we present HST/NICMOS 2 near-infrared imaging of the central 0.24pc×0.24pc (1 ′ × 1 ′ ) of the cluster. Our main goal is to constrain the low-mass stellar and brown dwarf content in the cluster and compare the results to those derived for other young clusters and the field. In addition, we estimate the fraction of stars with disks within our surveyed region.
The paper is structured as follows: In Section 2, we present the observations, the data reduction and the photometry. Section 3 presents the results from the color-magnitude and color-color diagrams for the cluster. We place objects in the HR diagram based on the estimate of the effective temperature derived from the F160W and F165M band observations. In Section 4, we discuss our constraints on the IMF and disk frequency based on extinction limited samples constructed from our observations. Section 5 compares our derived ratios with the similar ratios for other star forming regions. Finally, we conclude in Section 6 with a summary of our results.
Observations and reduction

The dataset
HST/NICMOS2 observations of the central 1 ′ ×1 ′ of Mon R2 were obtained in Cycle 7 under program number 7417. The field of view for NICMOS 2 is 19.
′′ 2 square and the pixel scale is 0.
′′ 075. A 4 × 4 grid was observed in the F110W, F160W, F165M, and F207M filters, where each position in the grid was observed twice in each filter with a dither offset of ∼ 20 pixels in both RA and DEC. The total integration time per position in the grid is 512 seconds for F110W, 352 seconds for F160W, 576 seconds for F165M, and 288 seconds for F207M. All the images were obtained in non-destructive readout mode with a total of 16 readouts in each exposure. The full width at half maxima of the point spread function are 0.
′′ 12, 0. ′′ 15, and 0. ′′ 20, for the F110W, F160W, and F207M bands respectively. Table 1 contains the observing log.
The images were processed using a combination of IRAF scripts, C programs, and IDL scripts. The basic reduction was performed using the NICRED procedure (Lehár et al. 2000) which performs linearity corrections, cosmic ray rejection, determines photon rates, does dark subtraction, and flat fielding. Synthetic darks were used based on the software NICRED. The pedestal effect was removed from each frame also using NICRED. Bad pixels were identified and corrected using the IRAF task fixpix. Finally, for each filter, the images were registered and a mosaic was created using the average of the two dithered exposures at each position in the mosaic. A color composite of the observed region is shown in Fig. 1 , where F110W is blue, F160W is green, and F207M red. 
Source detection and photometry
Point sources in each of the mosaics were identified using the IRAF implementation of daofind with a 5σ detection threshold. False detections in the form of noise peaks or structures in the point spread function were eliminated by comparing the source lists from each filter and a visual inspection of each source detected by daofind. Since the location of features in the PSF for a given star is dependent on wavelength, the use of different filters helps in separating faint stars next to bright stars from structure in the bright star PSF.
Aperture photometry was performed using the apphot package in IRAF. An aperture of 3.5 pixel radius was used to measure the flux of the object and the background was measured in an annulus from 10 to 15 pixels. For 10 objects an annulus of 2 pixel was used to measure the object flux because they were close to bright stars. The choice of a relatively large aperture for the majority of the sources was to limit photometric errors due to the variations in the PSF across the field of view of the NIC2 camera. Some 40 stars with no (or very little) nebulosity associated with them were used to determine aperture corrections for the photometry in each filter. The NICMOS photometry was measured relative to a 10 pixel radius aperture and is presented in the VEGAMAG system. The astrometry was done relative to Carpenter et al. (1997) . Some 25 stars in common were used to fit a second order polynomial in both RA and DEC. The final RMS was 0. ′′ 1. A comparison with 2MASS showed an offset by 0.
′′ 5 in RA and -0. ′′ 3 in DEC relative to our astrometry. We corrected the astrometry for this offset and the RMS compared to 2MASS is then 0.
′′ 2 for 8 relatively bright isolated sources. Table 2 presents the photometry and coordinates for the 181 sources detected together with 2MASS IDs where available. Where more than one source was within an arcsecond in the HST/NICMOS survey, we have chosen the brightest source in our observations as the 2MASS source. In four cases, two sources of roughly equal brightness in the NICMOS data were identified as one object by 2MASS. Both objects have been given the 2MASS ID and are marked with an * . The photometry has been converted into the CIT system using 41 stars in common with Carpenter et al. (1997) . The stars covered a color range 0.4 ≤ m F 160W − m F 207M ≤ 3.2, where m F 160W and m F 207M are the magnitudes in the F160W and F207M bands, respectively. Least-square fits were performed to convert the NICMOS photometry into the CIT system, resulting in fits given by:
The photometry reaches roughly 2.5 mag deeper in the J band than the observations by Carpenter et al. (1997) .
Completeness limits
Artificial star experiments have been performed in order to assess the completeness limits of the data. Synthetic PSFs have been created for each filter, using the Tinytim software (Krist et al. 1998) , and a total of 160 artificial stars have been placed in each mosaic. The fraction of artificial stars recovered as a function of magnitude in each filter is presented in Table 3 . All the recovery fractions are for a 5σ threshold and were subject to visual inspection in a way identical to that used to detect sources in our survey. We have adopted the 90% completeness limit in this paper, which corresponds to the following limiting magnitudes: m F 110W =21.5 mag, m F 160W =20.5 mag, and m F 207M =18.0 mag.
Results
We present the basic results from the photometry. Objects are placed in the HR diagram in Section 3.1 based on the effective temperature estimate derived through the flux ratio between F165M and F160W and the dereddened J band magnitudes. In Section 3.2, we discuss the J-H versus J color-magnitude diagram and the H-K versus J-H color-color diagram. Throughout this section, we assume all but two very blue bright stars are cluster members. The two blue stars have J − H ≤ 0.5 mag and are assumed to be foreground objects. We have no direct estimate of the number of field stars expected towards Mon R2 which would contaminate our sample at the sensitivity of these observations. As an indirect test we have downloaded the 2MASS point sources located in a 2 degree region centered on (l=214.3 b=-15.4), where there coordinates for Mon R2 are (l=213.7,b=-12.6). The 2MASS H band luminosity function is a power-law down to the completeness limit of H∼15 mag. Assuming the field star population would follow a power-law to faint magnitudes, we would expect ∼ 45 field stars within our field of view down to H=20.5 mag. However, the dust in the molecular cloud acts as a screen limiting the number of background stars we will detect. Carpenter et al. (1997) found the average extinction from the molecular cloud to be A V = 50 mag in the central 45 ′′ region and A V = 33 mag on average across the central 3 ′ square region. If the field star luminosity function extrapolated from 2MASS is reddened by A V = 30 mag, the surface density of field stars down to a limiting magnitude of H=20.5 mag is expected to be 1-2 objects per square arcminute. We have also estimated the field star contamination using the synthetic Galactic model by Robin et al. (2003) . The molecular cloud has been placed at 830pc and assumed to extinct background sources by A V = 30 mag. The model predict that we should observe 10464 sources per square degree down to H=20.5 mag, where 6022 sources are predicted to be foreground sources. Thus, the model predicts 1.7 foreground objects and 1.2 background objects; the former consistent with our identification of 2 blue foreground objects, the latter in agreement with the extrapolation from the 2MASS data.
Effective temperatures and luminosities for objects in Mon R2
A water vapor absorption feature is present in the H band in the spectra of stars and brown dwarfs with temperatures at or below 4000 K (see e.g. Allard et al. (2000) ). This feature is covered by the F160W filter and since the F165M filter measures the continuum, the color m F 165M − m F 160W for an object cooler than ∼ 4000 K can be used to estimate the effective temperature. We have compared the m F 165M − m F 160W colors, with the synthetic colors predicted by the atmosphere models of Hauschildt et al. (1999) and Allard et al. (2000) for objects above and below 2500 K, respectively. The Fig. 2 . The reddening vector is parallel to the models for temperatures above ∼3800 K (m F 165M − m F 160W > -0.1 mag) and no reliable temperature can be derived. There is a plateau from ∼3800 K and to ∼2700 K (spectral types M0 to M7.5) where an unique temperature can be obtained by projecting an observed point along the reddening vector until it intersects the temperature locus. The reddening vector crosses the models at two places for lower temperatures and a unique temperature cannot be obtained. We have estimated the effective temperature for the sources located between ∼3300 K and ∼2700 K which have magnitude errors smaller than 0.06 mag. An uncertainty of 0.06 mag translates into an uncertainty of the temperature determined from the model of ∼10% for this temperature range. We have adopted the models with a surface gravity of log g = 4, consistent with typical values of low mass PMS objects. We do not necessarily trust the magnitude of the extinction needed for the observations to intersect the temperature locus, due to uncertainties in the pseudo continua predicted by the models. Previous studies have shown the strength of the water bands in the J and K bands only depend weakly on the surface gravity (Wilking et al. 2004; Gorlova et al. 2003) . It could thus be expected the H band water vapor absorption feature is also weakly dependent of gravity. Indeed, adopting a model with log g = 4.5 only decreases the derived temperature by ≤ 50 K. Decreasing the surface gravity to log g = 3.5 has a more complicated effect. Whereas the low temperature regime (≤ 3000 K) is unaffected, we would underestimate the temperature by ∼300 K by incorrectly adopting the log g = 4.0 model for objects with temperatures between 3000 K and 3500 K. Leggett et al. (1996) compared the NextGen models to observed spectra of late type stars. They found the predicted water bands to be deeper than observed for a given spectral type. The effect is that the models will predict a slightly too high temperature for a given waterband strength. Najita et al. (2000) and Gorlova et al. (2003) find reasonable agreement between temperatures derived from comparison of water vapor indices from the models and spectral types. However, Luhman et al. (2003) found a systematic shift of spectral types relative to Najita et al. (2000) of 1-2 subtypes which they attributed to difference in the surface gravity between field dwarfs used to calibrate the index of pre-main sequence objects. Based on the model prediction of the temperature accuracy and the indirect evidence from other water bands, we estimate our systematic uncertainties to be ±300 K for temperatures derived using the water vapor index.
Objects with a derived effective temperature in the range 2700-3300 K and with a photometric error m F 165M − m F 160W < 0.06 mag are marked with filled circles in Fig. 2 . We determined the bolometric luminosity adopting formula 2 from Gorlova et al. (2003) , which assumes M bol = 4.64, and BC V⊙ = −0.19. The dominant source of error in the bolometric luminosity stems from uncertainties in the derived extinction. An error per filter of 0.06 mag will translate into an error in the visual extinction A V ∼0.75 mag. Taking into account an error of ∼10% in the bolometric correction, and the distance uncertainty, we estimate the error in the logarithm of the bolometric luminosity to be 0.2. The objects are then placed in the HR diagram, which is shown in Fig. 3 . We have not plotted source 83 in the HR diagram. Source 83 is a probable foreground source due to its very low extinction. Source 6 also appears under-luminous. One possible reason for the under-luminosity can be the extinction has been underestimated due to unresolved scattered light (cf. Wilking et al. 2004 ).
The objects from Carpenter et al. (1997) with effective temperature and luminosity estimates are shown as well. The 1, 10, and 1000 Myr Baraffe et al. (1998) isochrones are shown. Since the Baraffe et al. (1998) models only extends to 1.4 M ⊙ we have overplotted Although a large fraction of the objects below 1 M ⊙ are located close to the 1 Myr isochrone, there appears to be a large scatter. Some the of scatter is due to errors in estimates of the effective temperatures and luminosities and some of the scatter might be real. However, most of the objects that appear to be older than 1 Myr are more massive than 1 M ⊙ , which is the maximum mass we attempt to constrain the IMF. We find that for the objects in the HR diagram with masses between 0.04 M ⊙ and 0.4 M ⊙ that 7 objects are 1 Myr or younger and 6 are older than 1 Myr. A median age of 1 Myr appears to be appropriate for the lower mass content in Mon R2. a Derived from the color-magnitude and color-color diagrams in Figs. 4 and 5 as described in Section 3.2.
b Estimated from the color-color diagram in Fig. 5 .
Color-magnitude and color-color diagrams
We present in Fig. 4 Also shown are a one Myr isochrone created from the Baraffe et al. (1998) models, both unreddened and reddened by A V = 19 mag and shifted with a distance modulus of 9.6 mag (830 pc). The Baraffe et al. models with L mix = H P are chosen since they cover the whole mass range where we attempt to constrain the IMF (0.02 M ⊙ -1.0 M ⊙ ) and they are tied to the atmosphere models used in Section 3.1.
In order to convert the effective temperatures and bolometric magnitudes provided by the models to observables we have used the main sequence colors from Bessell & Brett (1988) and the temperature scales from Schmidt-Kaler (1982) and Bessell (1991) for objects earlier and later than spectral type than K7, respectively. Data from Dahn et al. (2002) have been used for spectral types later than M6. The bolometric corrections and colors were interpolated using spline interpolation. Due to large scatter observed in the intrinsic colors and magnitudes for the late-type objects, a linear fit has been performed for objects later than M6.
We expect the observed color of pre-main sequence objects to be due to several effects. One is the intrinsic color of the object that depends on mass and age, which in turn fix T eff and log(g). Also, the general interstellar extinction towards the object and the possible presence of a circumstellar disk associated with the object. From the color-magnitude diagram it is not possible to distinguish between the two latter effects. However, they can, at least partly, be separated in the H-K versus J-H color-color diagram. Objects without strong emission from a disk have colors resembling reddened main sequence stars and therefore populate a confined region in the color-color diagram. Fig. 5 shows the color-color diagram for Mon R2 in the CIT system. Overplotted are the colors for main sequence stars from Bessell & Brett (1988) , reddening vectors from stars with spectral type M6 and K7, and the dereddened classical T-Tauri locus derived by Meyer et al. (1997) . Objects with an excess have a larger reddening in H-K relative to what would be expected from their J-H color and are located to the right of the main sequence stars in the color-color diagram. Table 2 converted into the CIT system. The open circles indicate stars not identified with any near-infrared excess whereas the filled circles indicate stars with near-infrared excess and an estimated spectral type earlier than M6 (see text). Shown as the dotted line are the colors from Bessell & Brett (1988) for main sequence stars with spectral types B8 to M6. The length of the arrow illustrates the effect of A V = 5 mag extinction. The dashed line is the unreddened T-Tauri locus from Meyer et al. (1997) . Extended from the main sequence colors and the classical T-Tauri slope are solid lines parallel to the reddening vector.
A large fraction of the stars fall in the region expected for stars with no infrared excess and spectral type earlier than M6. The objects having larger than expected H-K relative to the reddening vector extending from the M6 main sequence star can either be stars with spectral type earlier than M6 with an infrared excess or they can be objects of later spectral type with or without infrared excess. The intrinsic colors for very late type objects (later than M6) almost overlap in the color-color diagram with the dereddened classical T-Tauri locus. Thus, we cannot tell for late spectral type objects whether they have a disk or not from the color-color diagram alone.
The error adopted in J − H by not being able to distinguish between an excess object and a late type object will be ≤ 0.1 mag, corresponding to A V ≤ 1 mag. We have therefore dereddened all objects in this part of the diagram to the T-Tauri locus in order to establish the intrinsic magnitudes of the objects. For stars with colors consistent with main sequence stars they can in general be deredden to two different intersections with the main sequence colors. Therefore, we have dereddened these stars using the J-H color-magnitude diagram adopting the 1 Myr isochrone (Meyer 1996; Carpenter et al. 1997; Wilking et al. 2004 ).
Analysis
In this section, we use the HST photometry to constrain the stellar and sub-stellar IMF in the central part of the Mon R2 cluster as well as re-visit the fraction of stellar mass objects with circumstellar disks. We begin by first defining an extinction limited sample that is complete down to 0.1 M ⊙ . We use this sample to determine the fraction of stars with circumstellar disks and to search for variations in the extinction as a function of object mass. We then define three extinction limited samples complete for both stars and brown dwarfs in order to constrain the sub-stellar IMF of Mon R2 and compare these ratios with the field star IMF and other star forming regions.
The circumstellar disk fraction for stars in Mon R2
What is the fraction of stellar objects in our extinction limited sample showing evidence for a circumstellar disk as discussed above? We have constructed an extinction limited sample in order to obtain a representative sample across the whole mass range considered. Without an extinction limited sample, we would underestimate the number of fainter, lower mass sources relative to intrinsically more luminous objects of higher mass. The maximum extinction is determined such that the sample considered will be complete down to spectral type M6, corresponding to a 0.1 M ⊙ star for the 1 Myr isochrone. This corresponds to an extinction limit of A V = 19 mag. We have excluded the two objects on the blue side of the isochrone in Fig. 4 since these objects are probable foreground stars (star ID 61 and ID 83). An exclusion of these objects is equivalent to excluding objects with a derived extinction less than A V = 1 mag. The extinction limited sample (A V = 19 mag) contains 43 objects in total. The selected sources are all located between the two upper dashed lines in Fig. 4 . In Section 4.4 we construct three further extinction limited samples in order to address the IMF into the brown dwarf regime.
For objects with a mass between 0.1 M ⊙ and 1.0 M ⊙ , we find a disk fraction of 27 ± 9%. For a wider area but more shallow survey of Mon R2, Carpenter et al. (1997) found a disk fraction of 48±8% from JHK photometry. A disk fraction of ∼ 30% is relatively low compared to what is found in other star clusters of comparable age. For example, in the Orion Nebula Cluster (ONC), Lada et al. (2000) found a disk fraction of 50 ± 20% using JHK photometry, (cf. , which within the error bars is consistent with Mon R2. Haisch et al. (2001) found a disk fraction of 21 ± 5% in IC 348 using JHK photometry.
Constraints on the IMF in the center of Mon R2
With a dataset significantly deeper than the previous study by Carpenter et al. (1997) , we can constrain the IMF into the brown dwarf regime. The use of an extinction limited sample for IMF studies assumes the extinction distribution is independent of the objects mass. If this is not the case, a bias would be introduced by preferentially excluding either high or low mass objects. To test if the extinction distribution is independent of object mass, we have divided our sample into objects between 0.2-1 M ⊙ and between 0.03-0.2 M ⊙ for an A V ≤ 10 mag extinction limited sample (see below). We have then performed a two sided Kolmogorov-Smirnov (KS) test whether the extinction distributions are consistent with having been drawn from the same parent population. The KS test returned a value of 0.49, from which we conclude there is no obvious difference in the extinction distribution as a function of mass.
We have calculated the ratio of stars between 0.08 and 1 M ⊙ divided by the number of objects between 0.04 and 0.08 M ⊙ , R=N(0.08-1.0 M ⊙ )/N(0.04-0.08 M ⊙ ), for an extinction limited sample A V ≤ 13 mag based on 34 objects. The ratio is found to be R = 10.3 ± 5.8 for a cluster age of 1 Myr, where the errors are derived assuming Poisson errors. We then compared the ratio with the similar predicted ratio from the Chabrier (2003) system field star IMF (dN/dlogM∝ exp (−(logm − log0.22) 2 /(2 · 0.57 2 ))). The distribution of predicted ratios is given by the binomial distribution and is shown in Fig. 6 . The height of each line shows the probability of a given ratio. Although the ratio derived for Mon R2 is slightly higher than the peak of the distribution of ratios predicted by the Chabrier (2003) system IMF, the probability of obtaining the derived value or higher from the Chabrier system IMF is 19%.
We have constructed two additional extinction limited samples, one down to A V = 10 mag and one to A V = 7 mag. The two samples are complete down to 30 M jup , and 20 M jup , respectively. The upper mass for both samples is still 1 M ⊙ . Although both samples extend to fainter absolute magnitudes than the A V = 13 mag sample, the lower maximum extinction reduce the sample sizes significantly. Only 19 objects are included in the A V = 10 mag sample and 13 in the A V = 7 mag sample. We have calculated the ratio of highmass to low-mass objects for the two latter samples in a similar manner as above. We find the ratios R * =N(0.08-1.0M ⊙ )/N(0.03-0.08M ⊙ )=8.5±6.4, and R * * =N(0.08-1.0M ⊙ )/N(0.02-0.08M ⊙ )=2.2 ± 1.3. The similar expected ratios from the Chabrier (2003) system IMF are R * = 4.2, and R * * = 3.5, respectively. It appears that the ratio of stars to brown dwarfs observed relative to the ratio expected from Chabrier (2003) decreases (R=10.3±5.8 vs 5.3;R * = 8.5 ± 6.4 vs 4.3; R * * = 2.2 ± 1.3 vs 3.5) as a function of depth into the cloud. If confirmed, this might suggest that brown dwarfs and stars are not uniformly distributed in MonR2. However, the KS test did not indicate the distribution of extinction is different for the high and low mass samples, down to 0.03 M ⊙ , so we do not believe these differences to be significant. All the observed ratios are consistent with the Chabrier (2003) IMF. The cumulative distributions of the absolute J band magnitudes for the three extinction limited samples are shown in Fig. 7 . The location of a 0.08 M ⊙ 1 Myr object from the Baraffe et al. (1998) models is indicated. Fig. 7. -The cumulative distributions of the absolute J band magnitudes for the objects in the three extinction limited samples, A V = 13 mag (solid line, 34 objects), A V = 10 mag (dotted line, 19 objects), and A V = 7 mag (dashed line, 13 objects). The absolute magnitude of a 1 Myr 0.08 M ⊙ object (Baraffe et al. 1998 ) is marked with the vertical dot-dot-dashed line.
Discussion
The derived ratios of high-mass to low-mass objects can be compared with similar ratios derived from other young star clusters with similar spatial resolution. We will here focus on some of the best studied clusters, namely the ONC, IC348, and Taurus and compare the values of R, R * , and R * * for those clusters with the values derived here. We will briefly discuss the selection criteria for the IMF samples for the different clusters and we compile the ratios in Table 5 .
As the closest site of massive star formation, the ONC has been observed in some detail. The IMF has been estimated through deep near-infrared imaging Muench et al. 2002) . Using H and K band observations, derived the IMF down to 0.02 M ⊙ for A V ≤ 10 mag. From their histogram we have derived the ratios for the ONC where we find R = 5.5 ± 0.8, R * = 4.3 ± 0.6, and R * * = 3.0±0.6, respectively. In another imaging study, the IMF of the ONC was constrained through model fits to the K band luminosity function by Muench et al. (2002) down to ∼10 M jup . The ratio of stars to brown dwarfs was found by integrating the functional fit to the IMF presented by Muench et al. (2002) . From the functional fit, we find R = 6.4, R * = 4.7, and R * * = 3.7, respectively consistent both with result by and our ratios for Mon R2.
Spectroscopic observations of objects in the ONC by Slesnick et al. (2004) indicate the ratio of high mass to low mass objects might be higher than found from imaging alone. A ratio of R ′ =N(0.08-0.4 M ⊙ )/N(0.03-0.08 M ⊙ ) =4.5±0.7 is found from the spectroscopic survey. It should be kept in mind that correction factors of ∼2 have been applied to the number counts as discussed in Slesnick et al. (2004) . The comparable ratio for Mon R2 is 4.5±3.5 which is in excellent agreement with the Slesnick et al. (2004) result. For comparison, the similar ratio from the Muench et al. (2002) IMF is 4.1.
As one of the nearest low-mass star forming regions to the Sun, Taurus has been investigated in detail. Luhman (2004) has presented the IMF down to 0.015 M ⊙ for an extinction limited sample A V ≤ 4 mag. We have calculated the ratio of high to low-mass stars from the data presented by Luhman (2004) . We find the derived IMFs for Taurus and Mon R2 to be consistent within the uncertainties for all three ratios.
The ratios for Taurus might be suspect for two reasons. Luhman (2004) emphasized the sample is incomplete for the mass interval 0.3-0.6 M ⊙ due to saturation, resulting in the derived ratios being lower limits. Also, the surveyed region by Luhman (2004) only covered parts of Taurus (4 square degrees), preferentially centered on the dense filaments. A larger area survey (28 square degrees) has found relatively more brown dwarfs (Guieu et al. 2006) , although the latter survey only extended down to 0.03 M ⊙ , for an extinction limited sample A V ≤ 4 mag. They concluded the ratio of brown dwarfs to star in Taurus and the ONC are similar within the statistical uncertainties. Although the ratio derived by Guieu et al. (2006) extended to higher masses relative to this paper, we can still estimate the effect of their updated number of brown dwarfs in Taurus. The newly detected brown dwarfs in the larger surveyed region by Guieu et al. (2006) reduced the derived ratios by ∼ 25% relative to Luhman (2004) . Correcting the Taurus results quoted in Table 5 downwards by 25% only improves the agreement with the ratios for Mon R2.
The low-mass stellar content of IC348 has been investigated recently by Luhman et al. (2003) . The IMF was derived down to 30 M jup , using an extinction limited sample A V ≤ 4 mag. The objects presented by Luhman et al. (2003) have been spectroscopically confirmed as members. The spatial resolution in the imaging survey was 0.
′′ 6. Scaled to the distance of Mon R2, this is a similar physical resolution as our F207M band image. Based on the data published in Luhman (2004), we have derived the ratios R = 16.8 ± 5.8 and R * = 11.6 ± 3.3. The ratios for IC 348 appears to be relatively high but still consistent within 2σ to the results for Mon R2. The IMF has been probed in IC 348 down to 0.015 M ⊙ utilizing HST/NICMOS imaging (Najita et al. 2000) . Using the the strength of the 1.9µm water band they determined the spectral type of objects in the mass interval 0.015-0.7 M ⊙ . We have calculated the modified ratio of high-mass to low-mass objects using objects between 0.25-0.7 M ⊙ as the high-mass objects and 0.02-0.25 M ⊙ as the low-mass objects. The ratio derived from the histogram in Najita et al. (2000) is 0.4, whereas the similar ratio for Mon R2 is 0.3±0.2 for an extinction limited sample, A V ≤ 7 mag.
One issue that should be explicitly taken into account in these comparisons is the role of binaries. It is well known that a large fraction of stars reside in multiple systems and due to our finite angular resolution, we can only resolve a certain fraction of the binary systems in each cluster. The resolution in the F207M band with HST/NICMOS at a distance of 830 pc, resolves all systems more widely separated than ∼160 AU. Both the ONC imaging surveys have a similar physical resolution with the cluster at 430 pc. Luhman (2004) considered all objects with a separation smaller than 2 ′′ in Taurus as single objects. For a distance of 140 pc, this corresponds to a separation of 280 AU. On the other hand, the HST/NICMOS imaging of IC 348 by Najita et al. (2000) has twice the physical resolution as this study, resolving binaries with separation larger than ∼ 75 AU. Since the physical angular resolution is similar within a factor of ∼2 for most of the clusters compared, we do not expect unresolved binaries to effect the ratios differently for the clusters discussed here. However, the field IMF by Kroupa (2002) has been constructed from individual objects. The majority of binaries in young open clusters have separations smaller than ∼ 100 AU (Patience et al. 2002 , cf. Duquennoy & Mayor (1991 ) and would be unresolvable in our observations. The quantitative change of the IMF due to unresolved binaries depends on the details of the binary frequency versus separation and the distribution of mass ratios, neither of which are well known, especially for low masses. However, there is some indication the binary frequency is lower for cool objects (Burgasser et al. 2006) . Chabrier (2003) have presented the system IMF assuming no unresolved binaries derived from the local 8 pc solar neighborhood field star sample, which is used in Table 5 .
The derived ratios for Mon R2 appears consistent with the similar ratios for the ONC, IC 348, and Taurus. They are also consistent with the ratios derived for both the Kroupa (2002) and Chabrier (2003) IMF. Thus, despite more than an order of magnitude difference in total cluster mass, it appears the IMF down to 0.02 M ⊙ is similar. So far, there is little evidence for variations in the sub-stellar IMF at least down to 20 M jup . It remains to be seen whether or not the ensemble of the observations can distinguish between a flat or a falling IMF between 0.02-0.08 M ⊙ (cf. Allen et al. 2005) .
Several theoretical considerations would predict a deficit of brown dwarfs in Taurus relative to more massive regions. suggest the IMF in a region like Taurus should have relatively fewer brown dwarfs due to the narrow distribution of core masses in Taurus relative to regions like the ONC. An alternative explanation has been presented by Bate & Bonnell (2005) . They suggested the lower density in the Taurus molecular cores results in a higher Jeans mass which in turns results in a higher average mass. indicate through numerical simulations that the peak of the IMF will shift to lower masses as the degree of turbulence increases.
The increase of the relative number of brown dwarfs when the minimum mass of the sample is decreased is curious. Since the extinction limit decreases as the limiting mass is extended to lower masses, one possibility is that the more massive stars are observed preferentially deeper within the molecular cloud. However, we found no evidence for variation in the extinction as a function of object mass down to 0.03 M ⊙ . One possibility, although speculative, is that the brown dwarfs have been ejected from small N body systems as proposed by e.g. Reipurth & Clarke (2001) . We would then detect the brown dwarfs ejected towards us (preferentially with lower extinction) even though the parent system containing the star would be located deeper in the cloud. Since we are only probing the surface of the cluster in the most shallow extinction limited samples, such a scenario would explain the observed trend. Deeper analysis of the dynamical evolution (velocities and spatial distribution) of cluster members as a function of mass is needed. (2004) e Muench et al. (2002) f 
